Introduction
Kisspeptins (Kiss1) are encoded by the KISS1 gene and act through GPR54 (now termed Kiss1r) [reviewed in 1]. The gene was originally discovered as a metastasissuppressor in 1996 [2] and the gene product is a 145-amino acid peptide, from which is cleaved a 54-amino acid protein known as kisspeptin-54 [3] , Kiss1r was initially described in the rat in 1999 [4] and shortly thereafter, the human homolog of GPR54 (KISS1R) was identified [5] . Kiss1 are products of the KISS1 gene and are RF-amide (Arg-Phe-NH2) peptides that were described in 2001 as ligands for Kiss1r [5] [6] [7] .
Kiss1 neurons are found in the arcuate nucleus and the anteroventral preoptic nucleus in the brain [8, 9] and the Kiss1 peptides play a significant role in initiating puberty and reproductive function. Two research groups working independently in 2003 described a pivotal role of Kiss1-Kissr signaling in reproduction specifically that mutations in KISS1R were associated with the idiopathic hypothalamic hypogonadism and impaired pubertal maturation found in their patients [10, 11] . Studies in a wide range of species now show that Kiss1 stimulates gonadotropin secretion [reviewed in 12] . Kisspeptin-10 is the shortest form of Kiss1 and elicits secretion of GnRH as measured in the CSF of sheep [13] and in hypophysial portal blood [14] . Consistent with its role within the brain, the Kiss1r is expressed by GnRH neurons [13, 15, 16] .
Peripheral expression of Kiss1 and Kiss1r has also been observed in several tissues. The human placenta expresses KISS1 and KISS1R and lower levels of expression have been reported in the human testis and small intestine [5] . KISS1R gene expression has also been noted in the pancreas, pituitary gland and spinal cord [7] .
Castellano et al. [17] reported expression of Kiss1 and Kiss1r in the rat ovary throughout the estrous cycle. Moderate expression of KISS1r expression has also been demonstrated in the human testis [5, 6] . The presence of KISS1 and its receptor have been recently demonstrated in mature human spermatozoa and small but significant changes in sperm motility were induced by KISS1 and reduced in the presence of the KISS1 receptor antagonist p234 [18] . Thus, it was proposed that KISS1, acting via KISS1r could activate signal transduction pathways to modulate sperm movement [18] . Further, during a study of continuous intravenous administration of human metastin 45-54 on HPT axis in male monkeys, it was observed that for a given LH concentration, testosterone levels were invariably higher in response to metastin infusion [19] . Foregoing evidence raises a possibility that there is some intratesticular action of kisspeptin which is responsible for amplified testosterone production. The present study was, therefore, designed to examine Kiss1 and Kiss1r protein and mRNA to particular cell types in the testes of rhesus monkeys in order to understand a possible direct testicular action of Kiss1-Kiss1r signaling.
Experimental Procedures

Animals
Eleven adult intact male rhesus monkeys (Macaca mulatta), 7-9 years old, weighing 8.3-14.7 kg were housed in individual cages and maintained under controlled environmental conditions in the Primate Facility of the Qauid-i-Azam University. The experiments were carried out during March and April. Standard monkey diet supplemented with fresh fruits, boiled eggs and water was provided daily. All animal experiments were approved in advance by the Departmental Committee for Care and Use of Laboratory Animals.
Tissue collection
For immunocytochemical studies, 6 adult rhesus monkeys were administered a lethal dose of ketamine hydrochloride (Ketler, Astarapin, Germany) at a dose of 10 mg/kg (i.m.) followed by a 25-30 mg/ml BW intravenous injection. Testicular tissues (100 mg) were obtained from one testis of each animal. For measures of RNA, by RT-PCR, tissues were collected from a further 5 rhesus monkeys by unilateral biopsy under sterile surgical conditions following anesthesia with ketamine hydrochloride (15 mg/kg). These tissues 1000 mg were snap frozen in liquid nitrogen and kept at -70ºC until used for RNA extraction.
Tissue fixation and processing
For immunocytochemistry, testicular tissues were immersion-fixed in formaldehyde-alcohol-acetic acid fixative (60 ml absolute alcohol (Sigma-Aldrich Laborchemikalien GmbH, Steinheim, Germany), 30 ml of formaldehyde (Merck, Darmstadt, Germany) and 10 ml of glacial acetic acid (Merck) for 4-5 hours. The tissues were then passed through graded alcohols and placed in cedar wood oil (Serva Electophoresis GmBH, Heidelberg, Germany) until they appeared clear. Tissues were then washed twice (10 min) with benzol (Sigma-Aldrich), placed in benzol/paraplast (Fluka AG Buchs, Switzerland) (1:1) for 20 min and then washed 3 times (3x12 h) in Paraplast (Sakura, Tokyo, Japan) at 60ºC to keep it in a liquid state. Finally, the tissues were embedded in paraffin and sectioned at 5 μm on a Shandon Finesse 325 microtome (Thermo Electron Cooperation, Waltham, MA, USA).
Fluorescence immunocytochemistry
Antibodies
We used a kisspeptin antibody raised in sheep against synthetic human kisspeptin-54 (GQ2) kindly provided by Prof Dr. Stephen Bloom (Imperial College, London, UK), at a dilution of 1:2000). Rabbit anti-AXOR12 (Kiss1r) (Phoenix Pharmaceuticals, Brisbane, Australia) was used at a dilution of 1:1000 to localize the Kiss1r. Donkey anti-sheep Alexa Fluor 488 and goat anti-rabbit Alexa Fluor 488 (Life Technologies, Melbourne, Australia) were used as secondary antibodies at a dilution 1:500 for detection of immunostaining.
For identification of Sertoli cell, Leydig cells and sperm following antibodies and dilutions were used: mouse monoclonal anti human inhibin alpha(R1) (Sertoli cell marker, diluted 1:100; Serotec, Melbourne, Australia) Goat anti-17β-HSD3 (c-14) (Leydig cell marker, diluted 1:100; Santa Cruz Biotechnologies, Victoria, Australia). Rabbit anti T4 was used as a sperm marker antibody (diluted 1:200) and was provided by Moira O'Bryan (Monash Institute of Reproduction and Development, Monash Medical Centre, Clayton, Australia). The following fluorescent labeled secondary antibodies (Molecular Probes Inc Eugene, Oregon, USA) were used: Goat anti-mouse Alexa 546 (diluted 1:500) for detection of inhibin staining, streptavidin texas red (diluted 1:1000) for 17βHSD3 staining and goat anti-rabbit Alexa 546 (diluted 1:500) for T4 staining. Cell nuclei were stained with a DAPI nuclear stain (Life Technologies, Melbourne, Australia). Omission of primary antibody served as a negative control in all experiments.
Immunohistochemistry procedure
Paraffin sections were dewaxed in xylene, rehydrated through descending grades of alcohol and rinsed in distilled water. The sections were then washed in 0.1 M Tris-buffered saline (TBS) (pH 7.4), mounted on Superfrost slides and dried over-night. Antigen retrieval was then performed using citrate buffer (pH 6.0) and heating in a microwave oven (2x3 min). The slides were then washed in TBS (3x10 min) and incubated in 10% normal goat serum/0.3% Triton X-100 in TBS for 2 h at room temperature. Sections were incubated in primary antibodies (and in a cocktail of primary antibodies in case of double fluorescence) prepared in TBS containing 10% normal goat serum/0.3% Triton X-100 at 4°C for 72 h. Sections were then washed in TBS and incubated with relevant secondary antibodies in phosphate buffer (PB) for 2 h and counterstained (3 min) with 0.3% Sudan Black B (dissolved in 70% ethyl alcohol).The sections were then mounted with a preparation of an anti-fade fluorescent medium (DAKO, Carpentaria, CA, USA) and DAPI (4',6-Diamindino-2-Phenylindole, Hydrochloride). Sections were then coverslipped and kept at 4°C until examined.
Microscopy
Slides were viewed under 20x and 40x objective lenses on a Zeiss AX10 microscope with fluorescence lamps (Carl Zeiss, Inc, GMBH, Jena, Germany). Digital images of single or triple labeling were created using Zeiss image analysis software.
Reverse transcriptase polymerase chain reaction (RT-PCR)
Total RNA was extracted from testicular tissue using the TRIzol reagent (Invitrogen Life Sciences, Carlsbad, CA, USA) and reverse transcribed with a First Strand cDNA Synthesis kit (Fermentas, Osaka, Japan). The primer sequences were synthesised by Fermentas ThermoFisher Scientific, Osaka, Japan, and were as follows: Kiss1r: forward 5′-CTCGCTGGTCATCTACGTCA-3′, reverse 5′-CGAACTTGCACATGAAATCG-3′; Kiss1: forward 5′-CTGGAATCCCTGGACCTCTC-3′, reverse 5′-TTGTAGTTCGGCAGGTCCTT-3′.
Amplification of cDNA was carried out in a reaction mixture of 50 µl. The mixture consisted of 3 µl of cDNA, 0.7 µl Taq polymerase, 30 µl RNAse free water, 2.5 µl of each forward and reverse primer, 5 µl reaction buffer and 1.3 µl dNTP. PCR conditions were: 10 min at 95ºC, 40 cycles of 30 s at 95ºC, 1 min at 60ºC, 30 s at 72ºC using a thermocycler (Whatman Biometra, GmBH, Goettingen, Germany). Glyceraldehyde 3 phosphate dehydrogenase (GAPDH) was used as an internal control.
Results and Discussion
The present work provides evidence for the expression of Kiss1 and its receptor in adult rhesus monkey testes. It clearly demonstrates the immunoreactive localization of Kiss1 and Kiss1r in the adult rhesus monkey testis. Both immunoreactivities were observed in the specific types of cells within seminiferous tubules ( Figures 1A,  3A) ( Figures 1A, 2A, 3A, 4A) . The immunocytochemical analysis showed localization of both Kiss1 and Kiss1r in germ cells. Kiss1 expression was evident in round spermatocytes and spermatids ( Figure 3A ). Kiss1 localization within the spermatids was verified with the T4 marker antibody ( Figure 4D ). Kiss1 and Kiss1r expression were notably absent in Leydig cells. Kiss1r protein was localised to spermatocytes and Sertoli cells ( Figure 1A ). Co-localization of Kiss1r with inhibin confirmed the Kiss1r in the Sertoli cell ( Figure 2D ). Our immunocytochemical data were confirmed in our RT-PCR studies where a clear detectable mRNA expression of both Kiss1 and Kiss1r was observed in the testicular tissue and no signal was found for the cDNA negative controls ( Figure 5 ). Clear bands of the expected size (250 bp for Kiss1 and 171 bp for Kiss1r) were observed.
The findings of the present study are in line with observations of an earlier study where Kiss1 and Kiss1r expression was demonstrated in the human testis [6] . These data suggest that kiss1 may act as a paracrine/ autocrine factor, during primate spermatogenesis. Accordingly, Kiss1 that is produced by germ cells (spermatocytes) could act in an autocrine manner and/ or also modulate Sertoli cells activity; communication between germ-germ cells is also possible. Thus, Kiss1 produced in spermatocytes and spermatids could act on Sertoli cells.
Processes of spermatogenesis in the seminiferous tubules have been found to be under the regulation of both Sertoli cells and germ cells, both by physical interaction and by secretion of biological factors. It is well established that Sertoli cells act to modulate spermatogenesis through various factors such as IGF-I, IGF-2, TGF-α, TGF β, basic FGF, interleukins [20] . Sertoli cells also secrete some glycoproteins such as androgenbinding protein (ABP), transferrin, ceruloplasmin, inhibin, glial cell line-derived neurotrophic factor (GDNF), stem cell factor (SCF) and its ligand c-kit. Vasoactive peptides and tachykinins have also been localized in Sertoli cells [21] . In turn, the capacity of the germ cells to modulate Sertoli cell activity has also been postulated [22] . Androgen binding protein, plasminogen activator, and FSH-dependent cAMP production by Sertoli cells have been shown to be affected by germ cells [23] [24] [25] . In this regard, germ cells have been shown to secrete follistatin [26, 27] and 4.1G, a novel membrane skeletal protein [28] . Our findings suggest that germ cells can also communicate with Sertoli cells with kisspeptin signalling. While the physiological significance of Kiss1 signalling within germ cells and between germ cells and Sertoli cells remains to be determined, recent observation that kisspeptin and Kiss1r have been localized to mature human spermatozoa would strongly suggest so [18] . It has been shown that changes in sperm motility are induced by Kiss1 which is reduced in the presence of the Kiss1r antagonist. These observation suggests that Kiss1, acting via Kiss1r, could activate different signal transduction pathways leading to its modulatory role on sperm movement. In summary, present results based on immunohistochemical and RT-PCR data clearly demonstrate presence of both Kiss1 and its receptor in the seminiferous tubules of the adult monkey testis. Expression of Kiss1 and Kiss1r mRNA was also evident in the testis.
Conclusions
Both Kiss1 and its receptor are expressed in the seminiferous tubules of adult rhesus monkey testis. The expression profile of Kiss1 and its receptor in the testis suggests possible direct involvement in a regulatory network involved to regulate spermatogenesis. The fact that Kiss1 and Kiss1r are restricted to seminiferous tubules suggests a paracrine/autocrine role of Kiss1 signaling. Specific actions of Kiss1 signalling in germ cell-germ cell and germ cell-Sertoli cell interactions and the physiological significance of this remain to be determined. 
